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ABSTRACT

A series of two-dimensional synthesis calculations using
the SYN2D module of the ARC system with continuous trial func-
tions have been performed for a typical LMFBR configuration.
The procedure has produced remarkably accurate values of a
variety of physically significant reactor parameters.

INTRODUCTION

A series of two-dimensional synthesis calculations using the SYN2D
module of the ARC system with continuous trial functions has been per-
formed for a reactor model similar to a LMFBR configuration. The object
of the calculations was to investigate the quality of the synthesis
results that can be obtained in this situation for a variety of one-
dimensional trial function choices.

REACTOR CONFIGURATION

The reactor model chosen for this study is the reactor described in
Ref. 1. This model is similar in many aspects to a typical 1000-MWe LMFBR
design. The dimensions of the reactor and its subdivision in major regions
are shown in Fig. 1, where one-quarter of the configuration is depicted in
r-z coordinates.

For the neutronic calculations, both synthesis and finite-difference,
the reactor isotopic compositions were specified in more detail as shown
in Fig. 2 and in Tables I and II, where the geometrical layout of the
finer region structure and its isotopic compositions are specified.
Table I gives a beginning-of-cycle (BOC) isotopic composition and Table II
gives the middle-of-cycle (MOC) composition.
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The calculations in this study were performed using six energy
groups whose boundaries are listed in Table III. The cross sections used
are from the 29601 cross section set, which is a 6-group set obtained
from an original 29-group set prepared for FFTF studies, called the 29001
set. 2

The first step in the calculations was to obtain two-dimensional
fluxes and the corresponding values of k e ff, power fractions, and regional
and total breeding ratios using a regular finite difference approximation
to the problem. The values obtained were then used as standard or "exact"
values against which the various synthesis results were compared. The
ARC modules DIF2D (3) and INVENT, (4) which perform two-dimensional diffusion
calculations and inventories respectively, were used to obtain these
parameters.

SYNTHESIS CALCULATIONS

The synthesis calculations in this study are of the single-channel
continuous-trial function type; there is only one expansion of the flux
in terms of trial functions, which applies over the entire axial domain.
Galerkin weighting was employed throughout.

Five trial functions were used. All of them were one-dimensional
radial flux shapes, obtained with the DIF1D (5) module of the ARC system,
using the five different radial MOC compositions in the reactor (see
Fig. 2.).

Trial Function 1 is the one-dimensional flux in an infinitely long
cylinder with radial compositions and dimensions identical to those in
the core region of the reactor, starting with CZA1, CZA2, . . ., and end-
ing with the reflector region DEFRD. Trial Functions 2, 3, and 4 are the
one-dimensional fluxes in infinitely long cylinders with radial composi-
tions and dimensions identical to those in the first, second, and third
axial blanket regions starting with compositions ABAll, ABA21, and ABA31,
respectively. Trial function 5 is a reflector trial function using only
the reflector composition across the REFAX region, in which a volume
source proportional to the fission source generated in calculating Trial
Function 4 was introduced.

Using these five trial functions, a series of synthesis calculations
was performed for the MOC configuration (Table II). Trial Function 1, the
one based upon core compositions, was present in all the calculations per-
formed. Table IV simmarizes some typical k eff results obtained.

The values obtained are quite good for the calculations with five,
three, and even two trial functions. The last, and surprisingly good,
calculation using only one trial function shows the importance of the
core contribution to keff.
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The values of regional breeding ratios for the regions are shown in
Fig. 1. The total breeding ratios were calculated with the INVENT(4)
module using the fluxes from the two-dimensional calculation and synthe-
sis calculations 1, 2, and 7. These values, together with the regional
power fractions, peak power, peak power location, and k eff , are listed
in Table V. The synthesis results, especially those using five trial
functions, are remarkably accurate. The errors never exceed a few per-
cent and generally are well under 1%.

One more synthesis calculation was performed, using five trial func-
tions, to test the ability of the trial functions obtained for the middle-
of-cycle conditions to synthesize fluxes corresponding to an appreciably
different burnup stage of the same reactor. This calculation used the
same five trial functions previously described to expand the flux corres-
ponding to the beginning-of-cycle composition given in Table I. The
results are listed in Table VI. As expected, the accuracy obtained is
clearly less in this case. Nevertheless, most of the values obtained are
still within a few percent of the corresponding two-dimensional results.
Quantities such as k eff , peak power, and peak power location are predicted
quite well.

CONCLUSIONS

The continuous synthesis procedure using a few one-dimensional trial
functions has produced remarkably accurate values of a variety of physi-
cally significant reactor parameters. When the trial functions are used
in a model with appreciably different compositions than the model for
which they were calculated, the results, even though still acceptable are,
as expected, of lower quality. This implies that synthesis methods could
be used for fuel cycle calculations, employing trial functions computed
for a single stage in the cycle.
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TABLE I. Beginning-of-Cycle Isotopic Composition

MI	 0238 M7	 0	 16
8 2	 90239 mg	 LUFP
' 3	90240 M9	 0418184	 50241 8 10	 SS
•5	 90242
86	 0235 811	 NA 23

0741	 81	 0.75784E-0282	 0.83804E-0383	 0.362115-03
0141	 .4 	 0.13721E-0385	 0.48331E-0486	 0.18432E-04
CIA1	 87	 0.11817E-0588	 0.27026E-0389	 0.0
CZAI	 8 10	 0.127EFE-01811	 0.e3235E-02
0742	 ml	 0.75797E-0282	 0.83795E-0383	 0.36204E-03
0742	 84	 0.13731E-0385	 0.48314E-0486	 0.18450E-04
CZA2	 87	 0.117756-c5me	 0.26897E-0389	 0.0
CIA?	 810	 0.127E5E-01811	 0.83235E-02
0743	 m l	 0.75833E-0282	 C.83769E-0383	 0.36188E-03
CZA3	 114	 0.13755E-0385	 0.48270E-0486	 0.18499E-04
C743	 87	 0.11666E-0588	 0.26556E-0389	 0.0
0741	 8 10	 0.127(5E-01811	 0.83215E-02
C744	 81	 0.75893E-0282	 0.83724E-0383	 0.36159E-03
0744	 m4	 0.13757E-0385	 0.48194E-0406	 0.14582E-04
C144	 M7	 0.11480E-0588	 0.25989E-0389	 0.0
CZA4	 810	 0.12709E-01811	 0.83235E-02
0045	 MI	 0.75975E-C282	 0.83454E-0383	 0.36116E-03
0745	 M4	 0.13852E-0385	 0.48082E-0486	 0.18702E-04
CZA5	 M7	 0.11209E-0588	 0.25191E-0389	 0.0
C745	 1110	 0./2705E-01811	 0.83235E-02
C786	 8 1	 0.76093E-0282	 0.83543E-0383	 0.36046E-03
0246	 8 4	 0.13937E-0385	 0.47915E-0486	 0.18867E-04
C746	 m7	 0.10824E-0588	 0.24148E-0389	 0.0
CZA6	 810	 0.12709E-01811	 0.83235E-02
0747	 81	 0.76262F-0282	 0.83305E-0383	 0.35894E-03
C107	 m4	 0./4059E-0385	 0.47598E-0486	 0.19127E-04
C2A7	 87	 0.10175E-0588	 0.22743E-0389	 0.0
C747	 m 10	 0.127CSF-01m11 	 0.83235E-02
CZBI	 MI	 0.70911F-0282	 0.10794E-0283	 0.49245E-03
C281	 84	 0.19772E-0385	 0.65478E-0486	 0.18074E-04

C281	 m 10	 0.12705E-01811	 0.83235E-02
0282	 MI	 0.711644-0282	 0.10828E-0283	 0.49127E-03
C182	 8 4	 0.20090E-0385	 0.64985E-0486	 0.18483E-04
(282	 M7	 0.76086E-0688	 0.23335E-0389	 0.0
C182	 8 10	 0./27C9E-0181/	 0.83235E-02
CZCI	 M/	 0.70302E-0282	 0.10704E-0283	 0.49606E-03
CZC1	 84	 0.18858E-C385	 0.67083E-0486	 0.16956E-04
CZCI	 M7	 0.111/3E-0588	 0.73849E-0385	 0.0
C2C1	 810	 0./2709E-01811	 0.83235E-02
5811	 81	 0./1734E-0/82	 0.20284E-0383	 0.57890E-05
66/1	 84	 0.93495E-0785	 0.13265E-0886	 0.30778E-04
8811	 M7	 0.12518E-0588	 0.43070E-0489	 0.0
5811	 8 10	 0.23618E-0181/ 	 0.38901E-02
5871	 ml	 0.11812E-01m2	 0.15134E-0383	 0.31784E-05
8821	 M4	 0.37344E-0785	 0.38096E-0986	 0.32127E-04
5821	 m7	 0.983844-0688	 0.18651E-0489	 0.0
R821	 810	 0.23618E-01m11 	 0.38901E-02

	A8411 81	 0.10105E-0182	 0.17053E-0383	 0.60418E-05
0.266265-04

	

ABA1/ M 4 	 0.10980E-C685	 0.16767E-C886
AAf1:11	

0.40138E-0489
0.83235E-02

	

F10	 (0).112);M:=1	 0.048412

ABAl2 m4

	

ABAl2 87	

0.10104E-0182	 0.16984E-0383	 0.59447E-05

	

0.10835E-0685	 0.16465E-0886	 0.26643E-04

	

0.10538E-0588	 0.39865E-0489 0.0

	

A8412 810	 0.12709E-01811 0.83235E-02 

	

48413 MI	 0.10105E-0182	 0.168034-0383	 0.58493E-05

	

48413 84	 0.10458E-C685	 0.15685E-0886	 0.26690E-04

	

68413 117	
00.11°272C::g51:	

0.39147E-0489	 0.0

	

48413 810	 1	 0.63235E-02

	

40414 MI	 0.10113E-0182	 0.16497E-0383	 0.56177E-05

	

A8414 M4	 0.98424E-0785	 0.14435E-0886	 0.26769E-04

	

0.10237E-0588	 0.37959E-0489	 0.0
AB2: :1;0

	

0.127CSF-01m11	 0.83235E-02

	

0.10115E-01m2	 0.16056E-0383	 0.52910E-05

	

P1 '''11'	

0.12763E-08860.89546E-C785	 0.26843E-04
0.99627E-0688 0.36307E-049	 0.0

	

Z :1L	 .0.127C9E-01811	 0.83235E-02

	

48016 81	 0.10126E-0182	 0.15441E-0383	 0.48442E-05
08816 144

..::4111:	
0.10660E-0888	 0.27042E-04

0.0

	

:710	 '..7F0iiiF811	 °O.:12=89

	

08017 MI	 0.10143E-0182	 0.14334E-0383	 0.41071E-05

	

48017 84	 0.61485E-C785	 0.75964E-09016 	 0.273294-04
43017 M70.30460E-0489	 0.0

	

080/7 810	 g.191-74Z:g::L	 0.83235E-02
.

	

A88I1 81	 010165E-0182 0.12698E-0383	 0.31276E-05

	

Eil F7. 0	 0l' 33...nii-i--	 l	

0.43520E-C986

00.281:105::°01ABB12
.189	

0.0

	

0.10187E-0182	 0.11032E-0383	 0.22605E-05
0.25070E-0785

	

0.67170E-0688	
0.22461E-0986	 0.28198E-04ABBI? M4

08612 87

	

ABB/2 m10	 0.12705E-01811	
0.209E9E-0489	 0.92000E-03
0.83235E-02

	

48(11 8 1	 0.10122E-01112	 0.16136E-0383	 0.41347E-05

:::',11111M4

	0.60702E-0785	 0.77699E-0986	 0.26866E-04

	

:10	 0.12705E-01811	 0.83235E-02
0.98617E-0E88	 0.34491E-04149	 0.0

	

8812 MI	 0.11854E-0182	 0./1454E-0383	 0.18243E-05

	

69/2 744	 0./65074-0785	 0.12622E-0986	 0.33088E-04

	

5812 M7	 0.72601E-0688

	

R612 M10	 0.23618E-01811	 0.258.14(64::g4289	
0.0

	

R822 MI	 0.11893E-0182

	

0.67472F-0885	
0.84732E-0483	 0.10140E-05

2	 0.56874E-0688	
0.37952E-1086	 0.33842E-04R:222 :7 0.68236E-0589	 0.0

0.23618E-01811

	

R822 8 10	 0.38901E-02

0.27758E-00.894822-061'6CZB1 M7	 0.8548FE-068	 0.26360E-0389	 0.0





Table I (Contd.)

ABA21	 ml 0.10189E-0182 0.11249E-0383 0.26851E-05 ABA31 84 0.86508E-6885 0.53776E-1086 0.29195E-04
48821 84 0.32359E-C705 0.31796E-0986 0.28130E-04 40431 M7 0.48191E-0608 0.65764E-05419 0.0
48821 87 0.72976E-0608 0.161406-0489 0.0 28831	 0,10 0.127C5E-01011 0.83235E-C2
88421	 810 0.12709E-01011 0.83235E-02 48832 MI 0.10242E-0102 0.69925E-0483 0.11028E-05
ABA22	 ml 0.10196E-01012 0.11201E-0303 0.26609E-05 ABA32 M4 0.85322E-C885 0.52791E-1088 0.29204E-04
06422 84 0.31923E-07015 0.31217E-0986 0.28142E-04 85832 P7 0.47980E-0608 0.25333E-0509 0.0
ABA22	 07 0.72668E-0608 0.16031E-04m9 0.0 88832 010 0.12765E-01011 0.83235E-02
48422 #10 0.12709E-01811 0.83235E-02 88833 MI 0.10243E-01m2 0.69095E-0483 0.10762E-05
88823 M1 0.10191E-0102 0.11073E-0303 0.25974E-05 88833 m4 0.82254E-C885 0.50248E-1086 0.29225E-04
46423 M4 0.30786E-0705 0.29720E-0986 0.28175E-04 86433 m7 0.47415E-0608 0.64201E-0509 0.0
08423 87 0.71845E-0208 0.157442-0489 0.0 88833 010 0.12769E-01011 0.83235E-02
48423 810 0.12705E-01m11 0.83235E-02 48434 MI 0.10245E-0182 0.67698E-0403 0.10319E-05
46424 ml 0.10194E-0102 0.10857E-0303 0.24920E-05 ABA34 84 0.77226E-C885 0.46158E-1086 0.29262E-04
48424 814 0.2892E2-6785 0.28318E-0986 0.28231E-04 ABA34 M7 0.46476E-0288 0.22319E-0589 0.0
48424 817 0.70464E-0688 0.15268E-0489 0.0 88834 8110 0.12709E-01811 0.83235E-02
89424 810 0.12709E-01011 0.83235E-02 ABA35 0/ 0.10247E-0182 0.65682E-04013 0.96900E-06
68825	 011 0.10198E-0182 0.10547E-0383 0.23428E-05 88435 84 0.70271E-0885 0.40654E-1086 0.29315E-04
48425 814 0.26369E-0785 0.24099E-0986 0.28311E-04 88435 P7 0.45084E-0608 0.59684E-0589 0.0
86425 811 0.68447E-0688 0.14606E-0489 0.0 48035 810 0.12769E-01011 0.83235E-02
46825 8110 0.12709E-01811 0.83235E-02 48436 81 0.10250E-0102 0.62847E-6483 0.98215E-06
48426 MI 0.10203E-0102 0.10113E-0383 0.21387E-05 88436 M4 C.61030E-C805 0.33626E-1086 0.29390E-U4
49426 04 0.22997F-0785 0.20025E-0986 0.28424E-04 ABA36 M7 0.43084E-0608 0.56222E-6589 0.0
88826 817 0.65565E-0688 0.13746E-0489 0.0 ABA36 810 0.12709E-01011 0.83235E-02
48426 M1C 0.12765E-01011 0.83235E-02 ABA37 MI 0.10252E-0182 0.56491E-0443 0.704292-06
48827 mi 0.10214E-0182 0.92346E-0483 0.17602E-05 88437 84 0.4351 25-C##5 0.21331E-1086 0.2956/2-04
48827 84 0.17123E-0705 0.13484E-0986 0.28653E-04 88837 017 0.38627E-0608 0.48007E-0589 0.0
88827 87 0.59784E-0688 0.11923E-0489 0.0 48837 010 0.12705E-01011 0.83235E-02
ABA27 010 0.12765E-01811 0.83235E-02 88831	 01 0.10268E-0102 0.46905E-C403 0.47374E-06
48621	 MI 0.10230E-0102 0.79176E-0483 0.12621E-05 88831	 84 0.23957F-6805 0.95639E-1186 0.29822E-04
8111121	 M4 0.10467E-6785 0.68628E-1086 0.29004E-04 88631 P7 0.31826E-66818 0.35469E-0509 0.0
48821 87 0.50995E-0688 0.92395E-0509 0.0 88831	 m10 0.12709E-C1011 0.83235E-02
68821 010 0.127092-01811 0.83235E-02 ABB32	 MI 0.10277E-0102 0.39221E-0403 0.31466E-06
46822 MI 0.10244E-0182 0.67425E-0483 0.87389E-06 ABB32 014 0.12922E-C885 0.41722E-1186 0.30034E-04
48822 84 0.59867E-0885 0.32564E-10016 0.29319E-04 A8832 P7 0.266098-0608 0.28320E-0589 0.92000E-03
88822 M7 0.427C7E-0688 0.74864E-0589 0.92000E-03 88832 0/0 0.12709E-C1011 0.83235E-02
ABB22 010 0.12705E-01811 0.83235E-62 88631	 PI 0.10252E-0102 0.57715E-0483 0.56456E-06
88621 MI 0.10207E-0102 0.99220E-0483 0.15892E-05 88631	 M4 0.30573E-0885 0.137502-10816 0.29554E-04
48621 84 0.14431E-C785 0.11073E-0986 0.28495E-04 ABC 31 07 0. 38032E-C6#8 0.49293E-0509 0.0
88621	 P7 0.62739E-0688 0.12827E-0489 0.0 69631	 810 0.12709E-01011 0.83235E-02
88621	 010 0.1270SE-01011 0.83235E-02 RB14	 ml 0.11942E-0102 0.39723E-0403 0.23920E-06
R813	 PI 0.11905E-0182 0.69018E-0483 0.67828E-06 8814	 M4 0.78545E-09015 0.21225E-1106 0.35016E-04
8813	 84 0.374102-08m5 0.17143E-1086 0.34268E-04 8814	 m7 0.27023E-0608 0.25315E-0509 0.0
8813	 M7 C. 45006E-0608 0.62227E-0589 0.0 8 814	 810 0.23218E-01811 0.38901E-02
9813	 810 0.2361E0-01011 0.38901E-02 8824	 ml 0.11953E-01812 0.29878E-0403 0.14211E-06
R823	 MI 0.1193C6-0 182 0.51255E-0483 0.38602E-06 8624	 84 0.357660-09815 0.74721E-1286 0.35251E-04
RB23	 04 0.15898E-08815 0.54692E-1186 0.34705E-04 8824	 87 0.21792E-0688 0.13042E-05,49 0.0
RE123	 M7 0.35532E-0608 0.29638E-0589 0.0 9824	 810 0.23610E-01811 0.38901E-02
RB23	 810 0.23618E-01011 0.38901E-02 REFAx	 810 4.26485E-02011 1.0952	 2-02
48421	 MI 0.10242E-0182 0.70238E-0483 0.11130E-05 MEER() m10 7.8857	 6-020111 1.65335E-03





TABLE II. Middle-of-Cycle Isotopic Composition

55238	 .7	 ^	 16
.2	 PU23S .8	 LDF.
.3	 .11240 "A191
.4	 oD241 .10
.5	 .11242 .11	 MA 23
.6	 0235

CZA1 MI 0.7226.0-C7.2 0.377 1 20-03.3 0.382280-03 58011	 .1 0.986580-02.2 0.352070-03.1 0.171920-04
CZAi .4 0.1105e51sc3.5 0.340230-04 . 6 0.130580-04 58411	 .4 0.457420-06.5 0.11 3 1 9 0-07 .6 0.218409-04
CIA' .7 0.238070,C5.8 0.587510-C3 . 9 0.0	 0+00 ABA1:	 .7 0.0252 3C'-C168 0.022 4 10-04 m 9 0.0	 0+00
CZA1 .10 0.117C50-01./i 0.832350-02 ABAll	 .10 0.177090-01.11 D.832350-02
C7A2 .1 0.72307V-02.2 0.877140-03 . 3 0.382100-03 48812 .1 0.186880-02+2 0.349160-03 .3 0.170960-04
CZA2 .4 0.11082D-02.5 0.53 4 760-0466 0.131050-04 580/2	 .4 0.4458.0-06.5 0.110650-07 . 6 0.'19910-04
0142 .7 0.236960-05.8 0.583830-0389 0.0	 0+00 88112	 .7 0. 524C11'-03'4 0. 9 133613-04.9 0.0	 0+00
:IA? .10 0.127090-01811 0.832350-02 43412	 .10 0.12709U-01.11 0.632350-02
CZA3 .1 0.724070-02.2 0..76640-0383 0.301640-03 08513	 .1 0.9767"-02.2 0.141100-0383 0.1658/0-04
CZA2 .4 C.111451-02.5 0.538609-0486 0.132320-04 18613	 84 0.410280-06.5 0.104100-07 . 6 0.220230-04
0163 .7 0.734120-05.8 0.574170-0389 0.0	 0+00 48613	 .7 0.220670-05.9 0.489349-04 6 9 0.0	 0+00
0761 .10 0.17109P-01.11 0.837350-02 488I3	 .10 0.127051-01.1' 0.832350-02
CZA4 .1 0.725730-12.2 G.875770-03"3 0.3E30840-03 48414 .1 C.P88921-02.2 0.334590-0383 0.157290-04
CZA4 0.1125013-03.5 0.536600-04 . 6 0.134440-04 48014 .4 0.318450-C4.5 0. 9 37160-C8. 6 0.211470-04
CZA4 .7 0.729340-0569 0.55E150-03 .9 0.0	 0+00 58014	 .7 0.215450-05225 0.950560-C4 m 9 0.0	 0+00
CZA4 .10 0.127090-01.11 0.032350-02 086I4 .10 C.127090-01.11 0.832350-02
C7A5 "1 0.7280713-07.7 0.674430-03.3 0.3/9640-03 484/5	 .1 0.990E50-02.2 0.322310-C3 . 3 0.145370-04
0145 .4 0.114010-031,5 0.533650-0496 0.13/490-04 48655	 8' 0.2551E0-0665 0.800820-C8 . . 0.225770-04
C./AC .7 0.222410-0586 0.515.50-C3. 9 0.0	 0+90 484I5 .7 0.20758C-05.8 0.791560-04 . 9 0.0	 0+00
0145 .10 0./27090-01.11 0.832350-02 48415	 .10 0.127050-01.11 0.932350-02
0144 .1 0.731170-02.2 0.672280-0383 0.377740-03 4841.	 01 0.493360-0282 0.305430-03 . 3 0.129480-04
CZA6 .4 0.116030-03.5 0.52 8 220-04. 6 0.141640-04 05416 04 0.209E70-C."5 0.635570-08 8 6 0.230170-04
CIA',
CZA6

.7

.10
0.2:?? CC'-C""8
0.127050-C1.11

0.507000-03 8 9
0.832350-02

0.0	 0+00 48116 .7
48416 .10

0.196523-05.8
0.127090'-01.11

0.727170-04 . 9
0.632350-02

0.0	 0+00

cZA7 .1 0.735740-02.2 0.867660-0313 0.373620-03 080/7	 .1 0.497130-02.2 0.2791 4 0-03 8 3 0.105850-04
CZA7 .4 0.1141CD-C385 0.521100-0486 0.148230-04 45417	 84 0.223090-0665 0.424540-C8. 6 0.237190-04
1167 .7 0.196270-05.B 0.467340-0389 0.0	 0+00 48417 .7 0.' 7853-'-056 0.632790-C4 9 9 0.0	 0+00
CZA7 .10 0.127090-01.11 0.832350-02 08017	 .10 0.127050-01811 0.932350-02
CZB1 .1 0.696650-02.2 0.10580C-02 . 3 0.503070-01 08911	 .1 0.1001,0-01.2 0.244520-0383 0.774510-05
118! "4 0.171230-09.5 0.705840-0486 0.148040-04 4.1811	 .4 0.140770-C6.5 0.226840-06 m 6 0.146670-04
C281 .7 0.15E710-05.8 0.520960-03 . 9 0.0	 9+00 48811	 87 0.153610-05.8 0.524100-04. 9 0.0	 0+00
C/B1 .10 0.127090-01.11 0.632350-02 60811	 810 0.127M-01.11 0.832350-02
CZB2 .1 0.6023P0-02.2 0.108340-02 . 3 0.496120-03 48812	 ml 0.100710-0182 0.206150-C3 . 3 0.515420-05
01542 .4 0.179150-02.5 0.689750-04.6 0.156290-04 4E0112	 "4 0.769690-07.5 0. 99924D-0986 0.257290-04
C787 .7 0.134320-0588 0. 4 43440-03 . 9 1.4964 0-03 08812 87 0.1265.0-05.8 0.406460-04 .P 0.920000-53
.:113? .10 0.127090-01.1! 0.932350-02 48.12 .10 0./2709P-01.11 0.332350-02
CZC1 MI 0.698730-02.2 0.106270-0283 0.504720-03 ABC11	 .1 C. 100'40-01"2 0.233190-03 . 3 0./39110-U5
CZC1 .4 0.174140-0365 0.704550-C4 . 6 0.148980-04 08C11	 .4 0.134540-C6.5 0.21 9 270-08.6 9.249760-04
CZCI "7 0.153560-05.8 0.493310-03 . 9 0.0	 0+00 ABC11	 .7 0./47010-05.8 0.484760-04 . 9 0.0	 0+00
C7CI .IC 0.12709D-01.11 0.832350-02 ABC11	 910 0.177C90-01.11 0.632350-02
;811 .1 0.1 162C1)-01"2 0.294550-C3.3 0.977520-05 m812	 .1 0.117950-0182 0.117650-03 m 3 0.331670-05
P RI1 .4 0.199259-0685 0.331450-0886 0.284620-04 5812	 .4 0.276600-07.5 0.366590-09 8 6 0.317050-04
'812 .7 0.1e1540- c.,..e 0.655750-0489 0.0	 0+00 0812	 "7 0.1095C0-05.8 0.211350-04 . 9 0.0	 0+00
".111 .10 0.736140-01.11 0.389020-02 9812	 .10 0.736190-01.11 0.389020-02
r #21 .1 0.117560-C1.2 0.201240-0383 0.504460-05 9822	 81 0.118630-01.2 0.112.40-03 .1 0.163030-05
9 821 .4 0.709580-07.5 0. 8772 70-09m6 0.308370-04 3822	 .4 0.131840-C7.5 0.905400-11 m 6 0.,30920-04
P 92' 87 0.133150-0568 0.255840-04 . 9 0.0	 0+00 "822	 .7 0.77762D-0668 0.930330-056 9 0.0	 polo
, P21 .10 0.236190-01+11 0. 1 8 9 010-02 '822	 .10 0.236150-01.11 0.389020-02





TABLE II (Contd.)

3802:	 .1 0.100480-01.2 0.211410-C3.2 0..00460-05 08431	 m4 0.405870-C7.5 0.920550-1,996 0.170.10-.4
48021	 .4 0.146160-04.5 0.236480-0896 0.248660-04 08031	 .7 0.102757-09.8 0.14 12570-0499 0.0	 u.00
ARA2:	 .7 0.159450-05.8 0.36197D-0449 0.0	 0+00 ABA31	 .10 0.127000-01811 0.832350-02
83821	 m10 0.127C50-01.11 0.832350-02 08412	 .1 0.101630-01.2 0.141970-03 m 3 0.328310-U5
ABA2:	 ml 0.1100500-01m2 0.229970-0343 0.790540-05 413032	 .4 0.39780o-D7w5 U.40 . 393-C9 . 6 3.271180-04
38477	 .4 0.143520-C6.5 0.230730-C8.6 0.249040-04 08832	 .7 0.106030-C9.8 0.1 4 1910-04 . 9 0.0	 0900
48822 .7 0.158450-05.8 0.358100-0449 0.0	 0+00 08312	 .10 O./270.0-01.1. 0.832350-02
48027 .10 0.127090-01.11 0.932350-02 48813	 .1 0.101660-01.2 0.134350-0243 0.316410-05
08423	 .1 0.100550-C142 0.228160-0383 0.76446C-05 48433 m4 0.376830-C7.5 0.320702- 0946 0.271.00 -04
ABAfl .4 0.136660-06.5 0.215960-C8.6 0.250000-04 08413	 m7 0.104120-051,8 0.137700-04 .0 0.0	 U+00
ABA73 m7 0.155550-C7MB 0.347.40-04.9 0.0	 D+00 08833	 .10 0.12704D-01811 0.83235E-02
88822 m10 0.12 7690-01811 0.832350-02 03834	 .1 0.10172D-C1m2 0./37926-0383 0.296650-05
48824 MI 0.1306723-01.2 0.210720-0343 0.721260-05 88834 .9 0.342750-07.5 0.331-300-C 9. 6 U.273120-04
88474 •4 0.1?5520-C6.5 0.192530-08m6 0.251750-04 0803 0	47 0.100810-05.8 0.130620-04. 9 0.0	 0+00
08424 m7 0.151620-05.8 0.331140-1449 0.0	 0+00 0883' .10 0.1270.0-01811 0.832350-02
48024 m10 0.127040-01.11 0.832350-02 08435	 .1 0.101790-01.2 0.127500-0383 0.22856-05
ABA2 9 .1 0.100750-0192 0.210420-03.3 0.660650-05 ABA35	 .4 0.296770-0785 0.276270-0 R. * 0.274910-04
432,25	 .4 0.11078D-06.5 0.161840-0846 0.25423V-04 48835 .7 0..61C82-C6m8 0.120690-04 . 9 0.0	 0+00
AHAP	 .7 0.1453CD-05.8 0.307220-0449 0.0	 D+00 08075	 .10 0.1270.D-01811 0.832150-02
88035	 .10 0.1270.D-01.11 0.832350-02 48436 .1 0.105900-C1.2 0.11 . 660-03 . 3 0.232536-05
03076 .1 0.100920-0192 0.197610-0343 0.590220-05 013036	 .4 0.239250-074'5 0.202950-0946 0.277390-04
08022 .4 0.9119.0-C74'5 0.125050-0896 0.257670-04 08436 .7 0.89431D-06.8 0.107620-04 99 0.0	 0.00
78826 .7 0.136420-0588 0.27718D-049y 0.0	 0+00 08036	 m/0 0.12700D-01ml) 0.832350-02
08026 .10 0.,27090-01.11 ,0.883250-02 08077	 m1 0.102050-01.2 0.105330-03 . 3 0.181250-09
43827 .1 0.101/00-01.2 0.177990-0383 0.463770-05 48437 .4 0.165C20-07.5 0.125550-0996 0.281220-04
8882' .4 0.654470-0745 0.798330-0986 0.263050-04 38077 .7 0.799900-068F 0.892780-0549 0.0	 0+00
03427 M7 0.122270-05.8 0.23437D-04.9 0.0	 0+00 ABA37 .10 0.137000-01411 0.832350-02
48427 m10 0.17 7C50-01P41' 0.832350-02 48831	 .1 0.102240-01.2 0.887730-04 . 3 0.123730-U5
44821	 ml 0./01470-01.2 0.153080-03.3 0.328570-07 48831	 .4 0.927280-08.5 0.576540-10. 6 0.286200-04
4.49 , 1	 .4
08821	 m7

0.290660-074'5
0.103160-65.8

0.396870-0996
0.18522D - 04.9

0.270160-04
0.0	 0+00

88831	 .7
48831	 .10

0.651340-0688
0.127090-01m1:

0.687080-05 4 9
0.832350-02

0.0	 0+00

08821	 .10 0.1:7090-07411 0.637350-02 88832	 .1 0.102430-01.2 0.714580-04 m 3 0.743920-06
413827	 .1 0.'017Sr-01.2 0.126110-0393 0.208090-05 88837 m4 0.427550-D8.5 0.202710-1096 0.291480-09
88822 .4 0.196240-07.5 0.156450-09.6 0.277890-04 48832	 m7 0.502790-06.9 0.502280-05. 9 0.920000-03
88872 .7 0.823480-068E 0.139660-04.9 0.920000-03 08832	 .10 0.127050-01911 0.832350-02
4111822	 m10 0.177000-01911 0.832350-02 813031	 ./ 0.102300-01.2 0.831460-0443 0.11159D-05
ABC , :	 ml 0.101570-01.2 0.144570-03m3 0.305320-05 88031	 .4 0.820020-08.5 0.566770-10. 6 0.287780-04
ABD21	 .4 0.359020-C705 0.36427D-09.6 0.272470-04 88031	 .7 0.609580-6688 0.626290-05 .. 0.0	 0.00
ABU! m7 0.,74420-C688 0.170880-04.9 0.0	 D+00 ABC31	 .10 0.12705D-01.1 0.832350-02
48021	 .10 0.1270.0-01.11 0.832350-02 5814	 .1 0.11.25D-0182 0.583210-0443 0.453560-06
6813	 ml 0.118760-0182 0. 100390-03443 0.127890-05 8814	 m4 0.199710-C885 0.717 4 6D-11 .6 0.345020-04
9 813	 .4 0.912390-0885 0.547640-/Om6 0.334060-04 9814	 M7 0.424140-06.8 0.71618U-05. 9 0.0	 0+00
"81'	 m7 0.694700-06.8 0.807710-059. 0.0	 0900 9 814	 810 0.236190-01.11 0.389020-02
9 813	 .10 0.236150-01.11 0. ?1'°0213-02 9 824	 .1 0.119450-0182 0.3E1500-04m -3 0.2205,0-06
, B22	 .1 0.11917D-01.2 0.67538D-0443 0.619530-06 8824	 .4 0.680120-0585 0.175970-11 . 6 0.349840-04
9 821	 .4 0.113490-08.5 0.122210-1046 0.342440-04 8824	 97 0.296140-0698 0.173220-05 8 9 0.0	 0+00
R423	 .7 3.497930-06.B 0.401460-0589 0.0	 0.00 8 824	 410 0.236190-Clmll 0.389020-02
9 423	 .10 0.21615U-01.11 0.389020-02 R EFAx	 .10 4.264858-02411 1.0992	 6-02
08831	 .1 0.101620-0182 0.141950-0383 0.332830-05 REFPD M1C 7.8857	 8-02811 1.65375E-03





TABLE III.	 Energy Boundaries

Group
Lower Energy

Boundary

1 1.35 MeV

2 183 keV

3 24.8 keV

4 4.31 keV

5 275 eV

6 10 -5 eV





TABLE IV. M.O.C. keff Values

Calculation koff Akeff Error

21) 1.003480

1 TO 1,2,3,4,5 1.003058 0.000422

2 TO 1,3,5 •	 1.003015 0.000465

3 TO 1,3,4 1.002893 0.000597

4 TO 1,2,5 1.002840 0.000640

5 TO 1,2,4 1.002893 0.000597

6 TO 1,5 1.002862 0.000618

7 TO 1 1.002476 0.001004





TABLE V. M.O.C. Synthesis Results

Calc.
'clif

BR

Regional Breeding Ratios

Cl
r

C2	 AB1 :',_:.1' RB1 RB2

1
DIF2D 1.003480 1.37081 0.50449 0.28833	 0.24182 0.13552 0.11885 0.05181

S T.F. 1.003058 1.37429 0.50592 0.28708 0.27193 0.13376 0.14979 0.05383

3 T.F. 1.003015 1.38121 0.50634 0.28673 0.24187 0.13375 0.14980 0.06272

1 T.F. 1.002440 1.39521 0.50886 0.28509 0.23832 0.13604 0.14903 0.07796

Calc. k
eff

BR

Regional Pover Fractions P
M
ax

arbitrary
units

P
max

Location,
cnCl C2 AB1 AB2 I	 RB1 RB2

r

DIF2D 1.003480 1.37081 0.5071 0.3816 0.0515 0.0235 0.0311 0.0052 0.75254 1.266	 1	 3.810

5 T.F. 1.003058 1.37429 0.5087 0.3798 0.0514 0.0233 0.0312 0.0055 0.75798 1.266	 1	 3
.
810

1
3 T.F. 1.003015 1.38121 0.5092 0.3793 0.0514 0.0234 0.0312 0.0055 0.76197 1.266	 1	 3.810

1
1 T.F. 1.002440 1.39521 0.5115 0.3773 0.0499 0.0249 0.0310 0.0054 0.76933 1.266	 1	 3.810

I





TABLE VI. B.O.C. Synthesis Resultsa

!
1

I

Regional Breeding Ratios

Calc.	 k
eff

BR Cl C7	 i AB1 A52 RBI.	 R12

1

1F2D 1.042968 1.46050 0.46276 0.28740 0.27912 0.17329 0.17703	 0.08090

T.F. 1.040214 1.42670 0.47620 0.28065 0.28636 0.16808 0.14574	 0.06966

Regional Power Fractions Pmax
P
max

arbitrary Location,
Calc. k

eff
BR Cl C2 A31 AB2 RB1	 R32 units c 1

r

01F2D
I

1.042968	 1	 1.46050 0.4858 0.4112 0.0398 0.0238 0.0324 0.0069 0.69292 1.266 3.810

5 T.F. I1.040214	 1.42670 0.4998 0.4016 0.0407 0.0233 0.0286 0.0061 0.69032 1.266 3.810
1

aUsing M.O.C. trial functions.
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Fig. 1. Reactor Configuration (ANL Neg. No. 116-960 T-1)
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Fig. 2. Detailed Reactor Configuration (ANL Neg. No. 116-959 T-1)
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